the composition and relative amounts of the two phases. Since with alcohol the effect of the electrolyte is not attributable to a specific action of the constituent ions, Spiro points out that such influence of the latter in the salting out of proteins must be regarded as subsidiary. This conception would explain the divergent results obtained in the salting out of proteins with neutral salts when the conditions are not maintained constant.
One source of confusion in the literature dealing with the precipitation of proteins is that there are really two distinct types of precipitation and many writers attempt to correlate data which depend on basically different phenomena. The one type is rightlytermedcoagulation or precipitation for it resembles the precipitation of suspensoidhydrosols in that the colloid particles carry an electric charge due to the partial dissociation of their stabilising agent. With this type the precipitating agent is always decomposed or reacts with the stabilising agent. For it to occur, the proteins must be partially ionized, and precipitation is usually brought about by electrolytes of which only small amounts are necessary. The other type is best designated as salting out, for Spiro showed that it is analogous to the salting out of alcohol. Here the agent is not decomposed, the protein may be ionized or not and really large amounts of electrolyte are necessary.
Hardy (2) and Scaffidi (2) applied the phase rule to the systems serum globulin, salts, water; Galeotti (2) has applied it to the systems egg albumin, copper sulfate, water; serum albumin, copper sulfate, water; serum albumin, silver nitrate, water; egg albumin, sodium sulfate, water. Since each may consist of two immiscible components, protein and salt, which are partially miscible in a third component, water, they have been compared with the system succinic nitrile, sodium chloride, water studied by Schreinemakers (5) .
Robertson (6) points out that Galeotti finds that solid CuSO,. 5H~O, solid protein, and water can coexist, the water being saturated with CuSO,-51-120 and also containing dissolved protein, as is shown by the fact that dilution of the fluid phase causes further precipitation of protein. From this he argued that protein in solution was not to be regarded as a separate phase for otherwise he would have to postulate four coexistent phases. With regard to this point :YfcBain and Burnett (7) have formulated the statement that for purposes of the phase rule, a solution of a reversible colloid, no matter how complicated in itself, behaves towards external equilibria as a single phase.
Proteins are not the only colloids which can be salted out, for other substances in the colloidal state exhibit the same phenomena. In fact it is upon this that commercial soap manufacture depends and these phenomena have been far more extensively studied in the case of soaps than for any other class of substance. The results here detailed for gelatin bear a close resemblance to the behaviour of the corresponding solutions of soap as established by the comprehensive work 'of McBain and his collaborators (7).
EXPERIMENTAL.

Materials.
The salts used were for the most part Kahlbaum's best. Most of the work was done with Eastman ash-free gelatin, though best photographic gelatin (obtained from Dr. Slater Price, Director of the British Photographic Research Association), Coignet's silver label gelatin, and Coignet's gold label gelatin were also used. Analysis of the gelatins for water and ash showed: The conductivity of Eastman ash-free gelatin was approximately 10 -~ mhos in 10 per cent solution indicated that the gelatin contained but very little electrolyte. The effect of any such salt present was negligible for the purpose of this investigation inasmuch as such large quantities of salt are afterwards added.
Hydrogen ion determinations were made with an electrode designed according to Considine (8) . Considerable difficulty was met with in determining hydrogen ion, especially in 20 and 30 per cent solutions of gelatin, but results apparently accurate to 0.1 pH could be obtained by replatinizing the electrode after each determination.
SALTI2~G OUT OP GELATIN
Solutions of gelatin containing a given percentage of dry gelatin per 100 gin. of solution were made up as follows. The required amount of gelatin, cut in small pieces, was placed in a beaker with a few crystals of thymol (to prevent mould), covered with the requisite amount of water, and allowed to stand at least 3 hours. The swollen gelatin was placed in an oven and allowed to stand at 35°C. for at least 12 hours. To 100 gin. portions of the resulting solution in 130 cc.glass stoppered bottles varying mounts of salts in the solid form were added. The solution was frequently shaken and kept in the oven at 35°C. till the salt dissolved. Then the desired amount of acid was added and the solution allowed to settle out overnight into two layers. The following day the layers were thoroughly mixed and separation again allowed to take place. This is found necessary for, especially in critical regions, a labile lower layer may be set up on first addition of acid which later, on stirring well, redissolves. A similar effect has been noted by HOber (2). That is, less salt is required at first for production of two liquid layers. This change with time is characteristic of other properties of gelatin, especially osmotic pressure and viscosity. It is possible that the same influences, possibly a change in the amount of aggregation (9) , play the same r61e here. Moeller (2) thought the change in amount of precipitated gelatin was due to hydrolysis which would naturally be greater the more the acidity. At any rate to obtain reproducible results, the effect of time must be allowed for. Another property which changes with time is the acidity which has been found to decrease gradually on standing. This alone might well account for decreased separability with time since with all the salts employed an increase in hydro gen ion results in an increase in the gelatin salted out.
After settling has again occurred the layers were separated and analyzed. The upper layer was partially decanted and complete removal facilitated by cooling the system down to 0°C. in an ice bath, whereupon the lower layer gels and the upper layer may be drained off. It is found that this cooling down does not appreciably affect the equilibrium already established, for owing to the high viscosity of the lower layer changes take place very slowly. (In fact a stable lower layer at 60°C. which will dissolve on shaking at 50°C. may be preserved several days without apparent Mteration at room temperature. This is a familiar phenomenon in viscous solutions of soap.) The lower layer was then weighed and both layers analyzed for hydrogen ion for loss at 110 °, for loss on gentle ignition, and for residue. Since the amount of acid added is known, and the amount of free acid is known from the pH value, the amount of sorbed or combined acid may be calculated. The free acid is given off at 110 ° and the combined acid on ignition. Hence the loss at 110 ° may be corrected to give gelatin content. The residue is sodium chloride.
Qualitative experiments showed that the phenomenon of separation into two liquid layers was a perfectly reversible one which obeyed the phase rule in that a change in temperature, or any of the four components, gelatin, water, salt, or hydrogen ion, resulted in a change in composition and amount of the two layers. The lower layer is always darker in color (unbleached gelatin was used) and more viscous than the upper layer. The lower layer also contained less salt and water and more gelatin than did the upper. Depending upon the conditions the lower layer varied from a clear solution to the dense, opaque, plastic layer which developed when the gelatin in the lower layer was about 30 per cent. Complete separation of upper layer from the viscous lower layer is ordinarily difficult.
On warming up a clear lower layer under the microscope, the first change observed is a clouding of the field with the immediate appearance of many fine indefinite discontinuities. These increase slightly in size and then begin to branch out and intertwine with each other in an indefinite network. (A slight tendency toward spiral formation is noted.) This network increases in fineness and complexity so that the system seems almost granular. Then on cooling down, the first change is the vague formation of a "dried mud flat" appearance which later becomes more pronounced. The cracks are clear while the spaces which they surround exhibit the above mentioned network. On further cooling the cracks widen and the system is composed of droplets in which the network is gradually diminishing. The drops decrease slightly in size and suddenly disappear at a definite temperature. On heating and cooling again the same changes are observed, If before the droplets entirely vanish, the system is heated again, the drops do not change in size but the same changes as noted above go on both inside and outside the drops until finally their outlines become indistinguishable.
formation of any isotropic.* At the concentrations studied there is never any anisotropic phase and both layers are always * An observation that could not be repeated was that when 50 cc. of a 10 per cent ash-free gelatin solution, to which 10 ce. of N HC1 was added, was allowed to evaporate slowly at 35 ° to about 30 cc., distinct crystals separated out.
Sodium chloride, potassium chloride, sodium sulfate, ammonium sulfate, sodium nitrate, and potassium nitrate were all capable of salting out each of the gelatins employed, but the amounts and acidity required for this varied according to the characteristics of the gelatin. A high ash content in the gelatin seemed to be required for separation with sodium chloride, because on adding this salt, without acid, to 1.1 per cent solution of gelatin free from ash, no separation could be obtained at 35 ° , even when the solution was saturated with sodium chloride (24 per cent). However, the solution was quite cloudy and on increase of temperature separation did occur. The gelatins containing ash probably contain sulfates which assist the separation. Salting out with potassium sulfate was found impossible, probably owing to its limited solubility. Table I gives the composition of various mixtures showing which remained homogeneous, and which separated into two liquid layers. It is apparent that the order of strength of anions is SO4 > CI>NOs, which is in accord with the Hofmeister or lyophilic series SO~ > C1 > C~HsO~ > NO8 > Br > I > SCN.
Many workers (Moeller, Fenn, Loeb and Loeb, Michaelis and Davidsohn, Pauli, and Posternak (2), Lewith, Bancroft, Bogue, Morner, Mines, Procter (10)) have noted that an acid solution aids the salting out of many proteins. However only a few (Chick and Martin, Hardy, Mellanby, and SSrensen and HSyrup (2)) have recognized that the hydrogen ion also constitutes a component, thus making a quaternary system composed of hydrogen ion, water, sodium chloride, and gelatin. The salts as well as the acid added change the pH (11) , and since the relations between salt, acid, and gelatin are probably complex, the only satisfactory method of determining pH would be electrometrically. Unfortunately with most of the experiments carried out the pH was not closely enough determined to give an accurate picture of the distribution of the hydrogen ion between the upper and lower layers, as they do not differ markedly in pH. It was noted however that usually the more completely the gelatin was separated the greater was the hydrogen ion concentration of the upper layer as compared with the lower one. Also the presence of much salt seemed to diminish the hydrogen ion concentration of the upper layer relative to that of the lower. It apparently is possible to have either a system in which the lower layer has a greater concentration of hydrogen ion than the upper, or in which the two layers are the same, or in which the upper layer has the greater concentration of hydrogen ion. The effect of temperature on the separation of proteins by salts has been found to be quite complicated (cf. Chick and Martin, Fenn, Galeotti, Guerrini, Sca/fdi, Hardy, Hofmeister, and Spiro (2)) and Lewith (10) . As Fenn points out, there is much confusion and the data in the literature are conflicting, some writers finding for a given protein a positive temperature coefficient, others a negative one, and still others a negligible one. This is what would be expected from an inspection of our phase rule diagram depending on what fraction was chosen for comparison. Actually in many cases there is a reversal of the temperature coefficient at a definite temperature which varies according to the amount of salt and hydrogen ion in the system.
When conditions are such that there is considerable gelatin in the upper layer (5 per cent), an increase in temperature markedly assists in salting out. When there is but a small amount of gelatin in the upper layer (1 per cent) both raising and lowering of temperature may ~2 ft.
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• TotM composition of the system. aid salting out. A further increase in temperature may even cause the solution of that separated at a moderate temperature. Undoubtedly the isotherms for various temperatures are not straight and parallel with each other but exhibit maxima and minima and cross each other in a way like those found for globulin, water, and magnesium sulfate by Galeotti (2). Table II gives the analysis of different systems studied using ashfree gelatin, sodium chloride, and hydrochloric acid, and Fig. 1 shows   FIG. 2 . Phase rule diagram at 90 °, potassium laurate-potassium chloridewater; concentrations are expressed in grams of fatty anhydride and grams of potassium chloride per I00 gln. of total system. The two liquid systems, nigrelye, correspond to the areas in Figs. I and 3. the isotherms at 35°C. of the systems containing the same amounts of hydrochloric acid. The~clear region on the left where little salt is present, represents a single isotropic phase. As the amount of salt is increased separation into two isotropic liquid phases occurs which would have nearly the same composition if the initial gelatin solution used was about 11 per cent. As more salt is added, the composition and amount of the two layers varies until the solutions become saturated with salt. The solubility of sodium chloride in gelatin was determined only for an 11 per cent gelatin solution and it is assumed that the line AB, extended, to which all the isotherms are extrapolated, is a straight line. The experimental limits of error are indicated by the points which do not quite fall on the curves. Systems set up at the same time check very closely, but systems whose history varies show distinct discrepancies. Early work in which the systems were allowed to stand for the same time show the most marked differences. Most of the work, however, was carried out under the uniformly prescribed conditions already described. Possibly true equilibria are not fully 'reached but the smoothness and relative positions of the curves obtained indicate at least an approximation to it. Systems near the conditions necessary just to separate into two layers are undoubtedly the ones in which exact equilibrium is most difficult to obtain, and in these systems time of standing is a very important factor. It will be noted that all right-hand tie lines are approximately parallel to AB, the solubility curve of salt in gelatine and must be so; for if one liquid layer lis just saturated with sodium chloride, the other must be so also. This, as well as the continuity of the curves and the parallelism exhibited by the tie lines, confirms the essential accuracy of the experimental data. To the right of AB lies the heterogeneous sytem composed of two liquid layers in equilibrium with AB, and crystals of salt. The curves for 2, 5, 7.5, and 10 cc. of normal acid form homologous series and the curve for 20 cc. acid indicates that a maximum for the separation of approximately 10 per cent gelatin solutions has been reached and passed. If sodium chloride were more soluble it is evident that no acid would be necessary for separation. Hydrochloric acid alone will not bring about the salting out, nor can the ash-free gelatin be salted out with sodium chloride in a solution rendered alkaline with sodium hydroxide.
The phase rule diagram for potassium laurate-potassium chloridewater at 90 ° found by ~IcBain and Field (7) is shown in Fig. 2 . The shape and location of the bay bounding the region wherein the two isotropic liquid phases, nigre and lye, coexist, strikingly resemble the bay found for gelatin-sodium chloride-water. It is of no great consequence that gelatin itself is not a definite chemical entity because for gelatin, they must be sought in regions where the concentration of gdatin is higher than 40 per cent. Fig. 3 shows the differences obtained using widely different initial concentrations of gelatin. At first sight these curves might appear
